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Introduction
Tarim Basin is located in the south of the Xinjiang Uighur Autonomous Region of China, which covers 63.9% of the total area of Xinjiang and 11.1% of the total area of China (Lu et al. 2010 ). Most of the natural grassland around the edge of Tarim Basin is arid and semi-arid due to the existence of Taklimakan Desert. Yield and quality of plants that grow in the basin is generally low as animal feed Journal of Integrative Agriculture Advanced Online Publication: 2015 Doi: 10.1016/S2095-3119(14)60939-4 (Chen, et al. 2006) . The capacity to provide feed to ruminants from natural grassland has decreased sharply in recent years, because of excessive cultivation (Huang et al. 2010) , water shortage, soil salinization and degradation (Zhang et al, 2014) .
Forage maize (Zea mays L.; MZ) and maize silage (MZS) are expensive to produce in Tarim Basin.
MZ crop has a high water and soil fertility requirement for growth (Nyakudya and Stroosnijde, 2014) which cannot be fulfilled by soil conditions from Tarim Basin. Therefore, alternative forages are sought in the region for animal production. One option to improve forage production for animal use under declining water resources in Tarim region is to replace MZ with more water-use efficient crops such as sorghum (Sorghum bicolor Moench). Forage sorghum (FS) is a C 4 plant and it grows well in semi-arid and high salinity soil. High sugar containing FS (HS) is also known as sweet sorghum and it has a potential to be used as alternative forage to replace widely grown MZ around the world for animal production (Kurle et al. 1991; Yu et al. 2008) . HS has attracted much attention in drier regions in the world including Tarim Basin, due to its good adaptation to diverse climate and soil conditions including traditionally non-productive semi-arid and high salinity land. Most research in HS has focused on the forage yield, energy content and little is known about its chemical composition and mineral profile. Similar to MZS, HS can also be made into silage so allow to better storage of the feed and use as a supplement. There is limited data to compare quality of HS silage (HSS), FS silage (FSS) and MZS sourced from the same location. Moreover, little data is available regarding FSS and HSS fermentation characteristics over time. Therefore, the objective of this study was to compare chemical composition and in-vitro fermentation characteristics of FS, HS and MZ and silages made from each forage type.
Results

Forage chemical composition
The chemical composition of forages is presented in Table 1 . MZ was higher in CP, EE and starch than FS and HS, whereas CP content was higher in HS than FS. HS plant was tallest and had heaviest in fresh weight, and had highest WSC than MZ and FS. Both MZ and HS had lower concentrations of NDF, ADF and ADL than FS. There was no difference in the concentrations of NDF, ADF and ADL between HS and MZ. Average DM content of FS and MZ were higher than HS. HS had higher ash concentration than FS and MZ. MZ had higher starch concentration than FS and HS. The chemical composition of silages is presented in Table 2 . MZS was higher in CP, EE and starch than FSS and HSS. The WSC concentrations were higher in HSS than MZS and FSS. Both MZS and HSS had lower concentrations of NDF, ADF and ADL than FSS. The pH was lower in MZS and HSS than FSS.
Silage chemical composition
Mineral profile
The ash and mineral profile of each silage type is presented in Table 3 . The concentrations of Ca, P and K were higher in HSS than MZS and FSS. The ash concentrations were higher in HSS than MZS and FSS. The concentrations of Fe, Zn and Cu were similar between MZS and HSS, but both were higher than those in FSS. No differences in the concentrations of Na, Mg, Mn, Mo and Co were observed among silages.
In-vitro fermentation characteristics
The in-vitro incubation resulted in higher IVDMD, IVOMD, CH 4 production (mL g -1 DM), tVFA, acetate and propionate concentrations from MZS and HSS than from FSS (Table 4 ). The pH at the end of fermentation was higher for FSS than MZS and HSS. The NH 3 concentration was lower for HSS than MZS and FSS (Table 4 ).
In-vitro gas production over 28 hours
In-vitro cumulative GP between 2 and 28 h of incubation differed among the three silages (Table   5 ). At 2 h incubation, GP from HSS was higher than MZS and FSS. The GP from MZS increased rapidly between 2 and 4 h compared with FSS and HSS. For the first 8 h of incubation, HSS had the highest GP among the three silages. There was no difference in GP between MZS and HSS after 10, 20, 22 and 24 h incubation. After 26 and 28 h of incubation, GP from MZS was the highest, followed by HSS and FSS.
Discussion
Chemical composition of forages and silages
Fibre fractions in forages and silages (i.e., NDF, ADF and ADL) were lower in HS and MZ than FS previously reported (Amer et al. 2012a) . It is important to note that the CP concentration in this study is lower than the requirement for most ruminant production (NRC, 2001) . Therefore, the MZS, FSS and HSS from Tarim region need to be used in conjunction with high CP feed (e.g., alfalfa) or alter management practices to such as dressing with nitrogen fertilizer to increase CP concentration for ruminant production.
It is interesting to note that the ensiling process had little impact on the CP of MZ and HS (<5% 
Ash and minerals
The higher ash content in HS and HSS is most likely due to the higher concentrations of P and K in HSS than in FSS and MZS. Variation in mineral and ash concentrations may also be due to the change in proportion of leaf to stem ratio. Previous work has shown that ash content in leaf was almost double that of stem in six major energy crops (Monti et al. 2008) . Also, Monti et al. (2008) found that the ash concentration was positively correlated to P and K. The ash contents in fresh forages presented in Table   1 are higher than those reported by Singh et al. (2012) , but in agreement with the reported values by Monti et al. (2008) . The mineral contents of the silage forages used in this study are within the range reported by Singh et al. (2012) . There was a higher IVDMD and IVOMD in MZS and HSS than FSS. This is in agreement with findings from previous reports (Amer et al. 2012b; Di Marco et al. 2009 ). The higher digestibility in OM and DM may result from the lower fibre concentrations, indicated by lower NDF, ADF and ADL in MZS and HSS than FSS. On the other hand, carbohydrates in plant are in the form of oligosaccharides or as their polymers such as cellulose and starch, they are the main substrates for fermentation by rumen microbes (Ntaikou et al. 2008) . The lower fibre concentration together with higher starch concentration in MZS and HSS than FSS, and the higher WSC concentration in HSS than FSS may also contribute to the higher digestibility of DM and OM in MZS and HSS. 
In-vitro fermentation
Methane and gas production
Methane is a potent greenhouse gas and is an end-product of rumen fermentation of carbohydrates.
The lower CH 4 per g of DM in FSS than MZS and HSS is in agreement with previous report (Blaxter and Clapperton, 1965) . Blaxter and Clapperton (1965) suggested that CH 4 production is positively correlated with the amount of digestible OM.
GP at all fermentation times was lower in FSS than HSS and MZS. This may be attributed to its higher ADL content and lower amounts of WSC. It has been shown that structural carbohydrates, such as lignin, are less rapidly degraded in the rumen than storage polysaccharides, such as fructan polymers or starch (Biggs and Hancock, 1998) . Previous studies (Amer et al. 2012a; Zerbini et al. 2002) have also shown a negative correlation between lignin and GP in sorghum, due to lignin inhibits microbial fermentation or enzymatic hydrolysis of forage wall polysaccharides (Jung and Allen, 1995).
Additionally, the GP for HSS with higher WSC concentration was significantly greater than that for MZS with more starch in the initial phase of incubation (2-8 h). This indicates that highly degradable soluble sugars are more easily accessible to rumen microbes and enzymes compared with starch (Biggs and Hancock, 1998) . As fermentation progressed, the significantly higher GP in MZS than HSS may have been due to the decreased residual sugars in HSS and the increased starch broken down in the later phase of incubation (26-28 h). Working with pearl millet and sorghum, Zerbini et al. (2002) observed a positive correlation between soluble sugars and GP, and negative correlation between GP and cell walls. The differences of GP among the silages reported in this study, and the dynamic changes of GP between HSS and MZS with the progress of fermentation also indicate the differences in digestion rate between sugars and starch in rumen fermentation.
Conclusion
HS and MZ in this study had lower fibre concentration than FS. HSS and MZS had higher WSC and starch than FSS. MZS and HSS had lower pH, fibre concentration but higher in-vitro digestibility and tVFA concentration than FSS. MZS had higher GP than HSS and FSS at the end of 28 h of incubation. The silage quality was similar between HSS and MZS. Data indicates HS can be used to replace MZ in Tarim region to make quality silage. However, further research is needed to investigate the effect of silage made from HS and MZ on palatability, intake and growth performance of ruminants in Tarim regions.
Materials and methods
Crop management
The crops of FS, HS and MZ used in this study were grown at the Agricultural Research Station of was chosen to compare with FS (cultivar X096 with a brix value of 9.4%), and MZ (cultivar BY02 with a brix value of 9.2 %). All forages were sown in two replicated field plots (10 m×5 m each) at a sowing rate of 15 kg ha -1 for FS and HS, and 40 kg ha -1 for MZ. Five months after sowing (i.e., milky stage), plants from each forage type were cut from ground level to determine plant height and fresh weight.
Whole crops of sweet sorghum and maize were harvested to make silage by cutting to 10 cm above the ground level. The harvested plants were chopped into 2.5 cm length by a multi-functional forage chopper (9DF53, Yanbei Animal Husbandry Machinery Group Co. Ltd., Beijing, China). A sample of 1000 g fresh weight from each forage type was refrigerated at -20°C for later analysis. The remainder of forage was used for making silages, and was packed into 10 plastic laboratory silos (10.5 cm diameter×35.5 cm height per forage type). The silos were sealed with lids after removing air by manual pressure, and then stored at room temperature.
Silage preparation
Quality analyses
Chemical composition
The silos were opened 120 days post ensiling and a 500 g fresh weight sample was collected per silo for analysis. A 15 g fresh weight sample was blended with 135 ml distilled water for 1 min followed by filtration through two layers of cheesecloth. The filtrate was then tested for pH using pH meter (pH209, Hanna Instuments., Edge, USA). Both fresh silage and frozen forage samples were oven-dried at 105 °C and ground to pass a 1 mm sieve (Christy and Norris Co. Ltd., Suffolk, UK). Dry matter (DM), ash, ether extract (EE) were measured according to AOAC (1990) 
Mineral analysis
The concentration of Ca, P, K, Mg, Fe, Zn, Cu, Na, Mn, Mo and Co from each silage type was determined by using a Varian VISTA-MPX CCD simultaneous ICP-OES (Varian Inc., Melbourne, Australia). The samples and the standard solutions for mineral analysis were prepared according to the method described by Chaudhry and Jabeen (2011) and Ramdani et al. (2013) . immediately transported to the laboratory. The rumen fluid was poured into a pre-prepared brown bottle containing artificial saliva (buffered inoculum; McDougall, 1948) . This buffered inoculum was kept anaerobic by flushing it with anaerobic grade CO 2 before closing the bottle with a measurable dispenser pump (Chaudhry and Mohamed, 2011).
Measurement of in-vitro fermentation parameters
Preparation of rumen fluids and buffered inoculum
In-vitro incubation
200 mg oven-dried samples per silo were separately weighed into 50 mL graduated glass syringes (KR Analytical Ltd., Sanitex, UK) fitted with plungers. A three-way plastic stopcock (Fisher Scientific., Springham, UK) was installed on the tip of each syringe barrel for transferring the gas into vacuum collection tube for methane analysis. The syringes were filled with 20 ml buffered inoculum, and incubated in a shaking water bath (Grant Instruments, Cambridge, UK) at 39°C for 28 h. At the same time, three empty syringes containing only the buffer were also incubated as the blanks to correct the final values of digestibility, gas production (GP) and other fermentation parameters. The volume of GP in each syringe was recorded after 2, 4, 6, 8, 10, 20, 22, 24, 26 and 28 h of incubation according to the moving scale on the plunger of the glass syringes.
Determination of pH, in-vitro dry matter and organic matter digestibility
Fermentation in the syringe was terminated at 28 h by transferring the syringes from the water bath to an ice-filled container. A sample of 15 ml gas from each syringe was transferred into a vacuum tube through the three-way stopcock for later methane (CH 4 ) analysis. The incubated solution was determined for pH and then centrifuged at 2500 r min -1 for 10 min at 4°C (MSE Mistral 3000, Sanyo
Gallenkamp, Leicestershire, UK). After that, 2 mL of the supernatant from each centrifugal tube was used for later volatile fatty acid (VFA) analysis. An additional 2 mL of the supernatant from each sample was used for ammonia (NH 3 ) analysis. The remaining Supernatants, along with all residues in each centrifugal tube were dried at 105°C and weighed for in vitro dry matter digestibility (IVDMD) determination. The dried residues were decanted into crucibles and ashed at 550°C for measuring in vitro organic matter digestibility (IVOMD).
Ammonia, volatile fatty acid and methane analysis
NH 3 was analysed using supernatant samples by Pentra 400 (Horriba Ltd., Kyoto, Japan) with a calibrated standard of NH 3 -N according to Rhine et al. (1998) . VFA concentration of supernatant samples were analysed by a gas chromatograph (Shimadzu, Kyoto, Japan) following the method described by Eun and Beauchemin (2007) . Total VFA (tVAF) concentration of each sample was calculated by summing all individual VFA. Methane analysis was performed on a Fisons 8060GC using a split injection linked to a Fisons MD800 MS using method described by Bhatta et al. (2009 ). Advanced Online Publication: 2015 Doi: 10.1016 60939-4
Statistical analysis
The SPSS statistical package (SPSS Inc., Chicago, USA) was used for analysis. One-way ANOVA was used to examine the effect of forage type on chemical composition, mineral profile, GP, IVDMD, IVOMD, CH 4 , pH, NH 3 and VFA. The statistical model included forage type as treatment effect. When ANOVA was significant (P<0.05), Tukey's post-hoc test was conducted to separate treatment means. 
